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PLASMA AND RECOMBINANT PROTEIN FORMULATIONS iH LOW IONIC STRENGTH MEDIA 



This invention relates to stable factor VII! formulations. More -particularly.,- High purity factor Vlll protein is 
formulated in Sow ionic strength media .for administration io patients suffering from hemophilia- typa A. 

Antihemophilic factor or factor -VIII procoagulafian activity protein (hereinafter- factor VI! I) functions to 

s correct she clotting defect in hemophilic typea A plasma, ■ Accordingly , factor Vitt preparations ate-sxtemsivsly 
used' for the purpose of supplying factor VI to hemophilic patients. 

An important coneem associated with the use of factor Vlli and otJiar therapeutic agents derived' from 
biological sources is the transmission of diseases, especially viral diseases. Prevalent viral contaminants 
include hepatitis B- -virus (HBV), non-A. nen-8 hepatitis virus (NAN8V>, and HTLV .JB/lAVYH!V which cause. 

io AIDS-. In order to ensure that products produced from biologies: sources fire virus-safe, various- methodolo- 
gies have been proposed tor virus inactivaiion. However, most plasma protein preparations are unstable and 
require special care to prevent denaiuration, alteration and loss of activity during the virus inactivation 
process. One approach so prevent denaturatfoo and ether alteration of -plasma proteins utilizes additives 
-during the pasteurization process. Representative examples follow. 

rs USP -No. 4,440,679 (Fernandas si. ai.} describes a method wherein therapeusioaiiy active proteins are 
pasteurized by mixing -the- protein composition with a pasteurization-stabilizing amount of a potyol prior to 
pasteurization, 

USP No. 4,287.344 (Scnwinn et at.) discloses a process for the stabilisation against heat of the 
coagulation factors If, Via, Xfii. antithrombio at and plasminogen in aqueous soiufioa, which comprises 
ao .adding to the solution both an aminoacid and one or more of a monosaccharide, an oligosaccharide or a 
sugar aicohoi. 

USP No. 4.S8&.6S4 (Lsndaburu et a!. } pertains to a process of -inactivating viruses in plasma protein 
soiutions by heating the same in the presence of a potyol, a surface active agent and a enelattng agent, 

USP No, 4,448.134 fNai'o et ai, } is drawn io a vifus^inaolivsting process in which factor Vtii is heated- in 
25 an aqueous solution in the presence of one principal stabilizer of neutral amine acids, monosaccharides, 
Oligosaccharides, arid sugar alcohols and an auxiliary stabilizer of salts of hydrocarbon and hydros 
yhvdrocarbon earboxylie acids. 

These processes aim at destroying the potential viral and bacterial inactivity of the preparations while 
sfhtjnall man ta nq ^ei s v *1 tic 1 * M"* A -^ucl i n=pri em '^aVaii tt,p t^v a d 
so the provision of satisfactory plasma protein products to patients. 

In order to be administ'rabfe, the plasma protein products need to b© formulated with suitable 
compounds lyophUized for storage and ready for reconstitution, Before formulating, the additive* used 
during the pasteurization process are removed and their stabilizing/protecting effect is no longer present to 
prevent loss Qi activity.- Applicants have encountered degradation problems with .factor Vftl bosh during 
as- iyophifeatton and upon reconstitution with normal saline solution. To eliminate the effects Of residual 
stabilizing agents and/or other materials used in the prior art during the production or pasteurization, a 
highly purified factor Vlll was used to study degradation occurring during iyophiiiaatten and reconstitution 
such as that produced by the teaching of USP No. 4.361,509, The method there disclosed provides tor 
about one thousand-fold purification of factor Vlll obtained from a commercial concentrate using an soti- 
40 body column. The subsequent purification step by an AiTiinohexyl-Sepharoso column chromatography 
further increases purity by 2 to 3-?oid resulting in factor Vtii activity -of over 2,000 units per mg of protein. 

glutton of factor VW from the Aminohsxyl-Sspftarose is 'accomplished by the use of calcium chloride 
saiufjob having a concentration of from 0.25 to .Q.5M, This solution, having such high concentration of 
calcium chloride is not suitable for injection to the patient. More importantly; upon iyophiltzation, a drastic 
45 loss of ectcr Vlll was observed. 

To remedy the problems, an isotonic solution was prepared by dtaly?ing factor via contained in said 
calcium chloride solution against 0.1 SM sodium chforide, SmM calcium chloride and -3mM hisiidine at pH 
8,8. Upon testing, a- drastic loss or factor Vlll was again observed, 

It has now been -discovered that factor VII! as- wet! .as other plasma and recombinant proteins, can be 
53 formulated with physiologically acceptable compounds for stabilization against loss of activity during 
lyophilfeatien, storage in the lyophilized state and reconstitution preceding administration to patients, 

in accordance with the present invention plasma and recombinant protein formulations are provided 
which are stable, and upon reconstitution, are ready for administration into patients. The formulations 
comprise at least one particular protein as the active ingredient for therapeutic use and a low iontc -strength 
medium. The amount of protein, present m a formulation is based on its known activity against the ailments 



2 



EP 0 3t5 8S8 A1 



to he treated and will vary from protein to protein, their concentration and state of pointy, tm lovsr icsfuc 
strength medium is an aqueous- solution of and cam prises: 

"(a) from about O.SmM to about 1'5mM sodium chloride of potassium chloride -or mixtures {hereof and 
y about 1 -SmM sodium chloride; 

(b) tfarn about 0.01 mM to about VMM and preferably -about 0.20 to ZXiwM lysine hydrochloride, and 

(c) from about Q.2mM to about SraM and preferably- about 0.5 to 1 ,GmM histidine as Surfer ton. 

The pH of the media -should bo from about 6.0 to about 7.8 and preferably about 7.0. 
The present invention is also directed to- a composition tor stabilizing from about 2 ml to aiioot 2000 mi 
of an aqueous solution-, of 3 iyopiiilfeed plasma protein comprising; 

from about 0,058 mg to about 1754 mg sodium enteritis, from about Q.074 mg io about 223? mg .potassium 
chloride or mixtures -{hereof; 

from about 0.0036 mg. to. about 3653 mg lysine hydfoc&londe; and 
from about 0.06-2 mg to stout 1552 mg histidine. 

Optionally, up to about 10% w/v of sugars, such as roanmtoi, sucrose and maltose, may be added to 
the- formulations of the present invention for tyophilization. The addition or maltose 00%). .sucrose 00%) or 
mannitoi {5%) makes the formicated ■ facto V! It solution isotonic-. 

The formulation is iyopbifeed and stored ir» that state. Prior to use. « is reconstituted with mm to the 
volume present before lyophiftzaiion. 

The formulations containing 10 to 500 units of factor VIII par m.f of solution have been found ofiectivo 
tor the treatment of hemophilia. 

'The present invention encompasses pfoieinaceous materials and products in the biomedical Sola 
intended for use in the human or -animal body far biomedical or therapeutic purposes as -wefi as non- 
iherapeutic experimental purposes. Contemplated materials and products include but -are not iimited. to: 
Blood -fractions such as antihemophilic factor (Smith, J.K and Bidwe11,.-5. 0978} Clinics in Haematol- 8, pp. 
i84-2QS); 

Prothrombin complex. »*„ Factors II, VII, IX and X (Oeritir*-, S. and Brummeihuis, H. G. J.. ft») V m 
Sang, 41, pp. 259-273'}: 

ProteinC. (Steutlo, J. (1978) J. Biol. Ghem. 251, pp. 385-383 and Bajaj, S. P. « al. (1883) Prep. ESKJChem. 
? 13 pp. 191-2H}; Protein S (DiScipio, R.O., et al. (1377) Biochem. 16, pp. 838-708; 

Antithrornbin II! (RosenoeTg, R, 0., and Damus, P.S. (1973) J. Biol. Gbem. 248, pp. §480-6505: 
Qamma Globulin (Oncfey et al. 0943} J. Am*. Chem. Soc. 71. PP. 541-550; 

Biological materials -and products derived by recombinant DNA techniques and produced in bacteria, fungi, 
or mammefian cell culture system -(Vane, J. and Cuatrecases, P. (1984), Nature 312, PP- 303-305 and 

, Meoiatis. T et a!, 71 983), Molecular cloning: A Laboratory -Manual, (Old Spring. Harbor, NY). 

Those products and materials are available from various commercial sources. -or can be produced by 
using weii-known preparative techniques.- For example, bioorj fractions and blood proteins can be obtained 
from" human blood oiasma by -fractionation according to known techniques seen as. for example, the alcohol 
fractionation of Cohn described in US? No. 2,390,074 and the Journal of the American Ghemicat society 

o Voi. 68, o 459 (1348). These methods as- welt as other techniques are summarized in »lhe Plasma 
Proteins", second edition. Voi. Ill, pp. 548-550, Academic Press, Ne* York, NY OS??}. 

White the invention is applicable to these and other- similar products and materials, it win be -described 
in detail in reference to factor VIH procoaguigrrt activity protein produced according to LISP No. 4,301,503, 
The method therein disclosed is capable of producing highly purified and concentrated factor V8I which is 

s efiectiva in. She treatment of hemophilia, having more than two- thousand units of factor VHI proooagulant 
activitv per mg of protein. However, the product as obtained by the process »s unstable during lyopraiization 
and ucon reconstitutten. Furthermore, the high calcium ion solution containing she facto, is undesirable tor 
administration to the patients. The following examples and tests will further ■ illustrate the invention. 



Example 1: 



The rate of factor VM degradation under Isotonic conditions was studied. Factor VHi, obtained by the 
procw of USP No 4 361,508, in buffered 500 mM calcium chloride solution was dtalysed against 1M 
scdlum chloride, Q.035 M calcium chloride and 3mM histidine at pH 8.8, for salt exchange, and then was 
lyophifeed -RecenstJtution of the iyopbifeed material was made to Q.16? M sodium chloride, 5.d mM 
calcium chloride, and 3 mM histidine by adding a- .-8-fold volume of 2.5 mM hrsfidme, at pH 6.8, over she 
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pre-iyophili2Ktion volume. The time dependent decay of factor Vlii activity was determined by the two stage 
assay method which is essentially the same as the method described by Newman, J„ Johnson, A, J., 
Karpatkin, S and PtBAin, S. (1974). Br. J. Haematol. 21, pp. 1 -20. The results are show in Tsbte 1. 

TABLE ! 



Time Dependent Decay of Factor Viti Activity 


Under Isotonic Conditions 




Tims (Minutes} 


Factor VIII 


% Decay 




Activity: (Total 






Unit) 




0 {at reconstitution) 


21 


0 


15 


17 


IS 


30, 


14 


32 


80 


10 


52 



The following examples illustrate the present invention. 

Example 2 



js 1 kg of frozen human, plasma eryoprecipitats was placed in 2.3 kg of 0.O5M. glycine and -Q.036M sodium 
chloride. The mixfure was placed in a 37 'C water bath and agitated under Sarninar flow of air to form a 
suspension of the cryoprecipitate. 0.1 N acetic acid was added dropwtse to the suspension to Orlng the pH 
to 8.0 * 0.1. One hundred grams of Rehsorptar (2% aluminum- hydroxide gel, Armour Pharmaceutics! 
Company, Kankakee, Illinois] were added to the mature, to adsorb vitamin K-dspendent blood coagulation 

so factors arid agitated for IS to 20 minutes at. 35 to 37 "C. The suspension was cemrifagsd at 4,000 x g at 
room 'temperature tor 15 minutes- and trie supernatant was collected. The Ftehsorpttir treatment was 
-repeated one mors time. 

3.113 ko, of this sotoiior. (18,297 units ei Factor Vlii), was applied to an affinity -column {13.7 cm * 22,0 
■cm. 3.24 1) of monoclonal -antl-Von Wtifeorand antibody ggi matrss, which was previously prepgred by 

ss c.oniugation oi 1,2 § of the antibody par 1 of Sepharose gal. The column was then washed with 3 column 
volumes of tire Factor Vili butter. Nineteen percent. (3,537 units) of the Factor Vlii were' not bound to the 
column. The column was- etUted with 0.2SM caidum ehtofide m the Factor Vlii buffer* The Factor Vtff activity 
containing' portion, 3,558 kg (9.880 units), was coiieeted. The eluted Factor VIII was applied on to an 
Aminbhexyi-Sepharose. column (2.5 -cm .x S.S cm, Pharmacia) immediately alter a five-told in-line dilution 

-40 with the AH-Sepharose equilibration buffer (2Gmfv1 histidioe, tOOrnM lysine Hydrochloride, pH 6.8). The flow 
rate was 12 ml per minute. 

There was no detectable Factor Vlii activity in- the solution that passed through the AM-Sephafose 
column. The column was washed with '208. g of SOmM calcium chloride in the AH-Sepnarose equilibration 
buffer. A small amount of Factor VII! activity -{165 units. 1.7%). was detected in the wash butter solution 

4s coiieeted. The. Factor Vlii was then eiuted from ths column with 5Q0mM calcium -chloride in the AH- 
Sepharose equilibration buifer. 'The peak fraction oitrva stution profile contained 6,390 units of Factor Vlii in 
26.5 g. The elated Factor VII! was dialyaed overnight, a; 4*C against the buffer solution composed of 1M 
sodium chloride, : 5mM calcium chloride, 3mM' histidine, 2% manffitol, pH 7.0. The sSatyated Factor Vlii had 
2S6 u/ml and 23 g . 

so The Factor Viti solution was redialyzed at 4* C against a low ionic strength torroufafion buffer composed 
of i.SmM sodium chloride. 0.2mM lysine hydrochloride. 0.2mM histidine, pH 7.9, The radiaiy^ed Factor Vllt 
solution had 288 units "per mi. Maltose was added to make ths Factor -Vili solution 10%. in maltose, which is 
isotonic, and iydphiilzed. Reconstitution of the lyopiliiked material was made to its original volume -with 
water for injection. Reconstitute was immediate. 

B8 Activity of Factor 'Vttl was measured by the two stage method referred to in Example 1. The results are 
shown In Tsble ll. 



4 



EP0 316 9S8A1 



Factor VIB Activity After Reeonstftutton 




Time After Reconstitutian {hours) 


0 


1/2 




2 




24 


Activity (u/ml) 
% Recovery 


234 
100 


232 
39 


217 
S3 


224 
96 


207 


198 
85 



During She formulation process Factor Vtti activity is substantially preserved as iliusirated so Table Jl! 



Factor Vili was isolated torn cryoprecipitate as described in example 2. The ispteied Factor V'iil .was 
diaiysed at 4* C against ->M sodium chloride, 3mM histidirse, SmM calcium -chloride. 2% rnsnnitoi. pH 7;G. 
The dialyzed material, '14.50 g (5,815 units) was formulated by redialy-sis at-4'C against t.SmM sodium 
chance, 0?mM l/are |-ydr,.cn or.de t OmM h'stsdme, ara to « r?\i k rse at cH "C "Hie Jtalyzecf materia! 
fed 5,538 units of Factor V1H activity in 10,65- g. The formulated Factor Vii! was sterile filtered through -0,3 
urn pots size roem&rane. arid 5,325 units were recovered. The formulated and filtered Factor Vli.l was 
iyophiiized and tBCORSStufsd. Alf of 5.325 u 



e fscove 



TABLE II; 



Factor vili Activity During preparation 




Steps 


u/mi 


Amounting) 


Total U 


Yield % 


Factor Vllt in buttered 1M NsCl 


401 


14.50 


5,815 


100 


factor Vlti in low ionic strength buffer 


520' 


10.65* 


5,538 


35 


Post-iiiiraiion through a 0,2 urn pore size membrane 


50Q 


10.65 


5,325 


92 


Post-iycphiiizatien and ^constitution 


500 


10.65 


5.335 


92 



" The- activity of the material increased due to the small degree of concentration ot ihc solution. 



Factor V!l! was isolated from cryoprscipMe as described in Example 2. The isolated Factor VIH was 
dfa-lyzed at 4" 0 against 1M sodium chloride, 3mM rtisttdine, SmM calcium chloride, 2% manratoi, pH 6.0, 
The rjialyzed' msteriaf, 18.00 § (6,1-00 units) was formulated by radialysis at 4" C against S.OmM sodium 
chloride. S.OrnM lysine hydroctoride and 2.0raM histidine at pH 8,0. Trie .dialyzed material had 5.700 units of 
Factor Via activity in 13.85 g. The formulated Factor VIH was sterile filtered through a 0.2. cm pore size, 
membrane, and 5,450 units were recovered. The formulated and iiitered factor Vili was SyophiiiJed and 
reconstituted. 5.380 units of Factor VII! were recovered. 



factor VSil was isolated from cryopreclpitate- as described in Example 2, The isolated Factor Viil was 
diaiyzed at 4*C against 1M sodium chloride, 3mM histidine, and SmM calcium chloride at pH 7.0. The 
dialyzed material, is. 70 g (5,91 5 wilts) was formulated by redialysis at 4*G against 3.0 mM sodium 
chloride, 7mM lysine- hydrochloride and 3mM hlsttdine at pH S.5. The dialed material had 5.550 units of 
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Factor VI K activity m 12.10 g. The formulated Factor Vill was sterile filtered through a 0 2 um pore size 
membrane, and 5.380 units were recovered. The formuteted and filtered Factor Vtil was lyophifeed and 
reconstituted.. 5.400 units of Factor Vttf -were recovered, 

it shoo}* be understood by those skilled in the art that various modifications may be made in she 
present- invention wittout departing from the spirit and scope thsneof as described m the specification arid 
defined in the appended claims. 



Claims 

J. A stable plasms protein formulation comprising: in an aqueous solution-, 
•a plasma protein; 

from about 0.SmM to about 1-SmM sodium chloride, potassium crtfodde* or mixtures taereof; 
•irom about 0.01 aM to -about lOmM lysine hydrochloride; and 

from about Q.2raM to about §.GmM hisftdtne; said aqueous: solution having s pH o? iron-! about 8.0 to -about. 

7.6. 

2. The formulation of claim i- wherein said plasma- protein is present in a therapeutically effective 

3. The- formulation -of. Claim 1 or 2 wherein said plasma protein is factor Vill. 

4. The formulation of any of Claims ; to 3 wherein the. plasma protein is. present in ynii dosage form. 

5. The formulation of any of- Claims 1 to 4 wherein the factor Vill has a concentration from about 10 to 
500 units per mi. 

8. The formulation of any Claims 1 to 5 further comprising up to 10% w/v oi 3 sugar selected from 
matinitof, sucrose or maltose. 

7. The formulation of any of Claims 1 to 6 wherein the formulation contains about 1,8mM sodium 
chloride, potassium .chloride- or mixtures thereof; 

from about fJ.KmM to about S.Omfvi lysine nydrochtoridst 
from about -O.SmM to about 1 .QmM hlstidine; 

8. The formulation of any of Claims 1 to ? wrrerein the formulation is in cried form, 

9. A stable plasma formulation wherein the formulation is in dried form and -upon reeanstrtution with 
pyrogen^ree water forms the aqueous formulation of Claims 1 to "f . 

50- A stable piasma -protein in iyophilised form for use- in preparing- with pyrogen-free water- the 
formulation of any of Claims- 1 to 7. 

11. A composition for stabilising from about- 2 mi to about 2000 mi of an aqueous solution of a 
lyophifeed plasma. protein comprising; 

from about 0.058 mg to about 1754 mo sodium .chloride,- from -about 0.074 mg to about 2237 mg potassium 
chloride or mixtures thereof; 

from about 0,0038 mg te.about 3653 mg lysine hydrochloride; and 
from about 0.062 mg to about 1 552 mg hisiidme. 

12. A composition according to Claim 11 wherein the piasma protein is in unit dosage form. 
13; A. composition according to Claim 11 or 1 2 wherein the piasma protein is Factor Vill. 

14. Use of a stable piasma protein formulation according to Claims 1 to 10 for preparing media for 
administration to patients suffering from hemophilia type A. 

15. A process for preparing the piasma protein formulation of Claim I. characterized in that in an 
aqueous solution: 

a piasma protein; from about 0.5mM to about iSmM sodium -chloride, potassium chloride, or mixtures 
thereof;. 

from about OGTmM to about tOmM lysine hydrochloride; and 

from about 0.-2mM to about S.QmM histidine; said aqueous solution having a pH of from about 8.0 to about 
7-6 is formulated. 



Offiu; 



EUROPEAN SEARCH REPORT 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 88: 11 8S49 



OtfatstiS of document with Midiestioa, where appropriate, 



EP-A-0 187 712 (CRTHO DIAGNOSTIC 
SYSTEMS INC. ) 

* Page 7, line 15 - page 18, fine 1? * 
CH-A- 545 537 (THE GREEN CROSS CORP.) 



"iic pf««it search rssovf b;w ii; 



;p Sat aii eiiiirns 



A 61 K 47/00 
A 61 K 35/16 



s;;-:.maa:ti a«- a 4; 



A 51 K 
A 61 1. 



X ; pmtatfMij relevant 8 Sakeii atone 
y : jmicaiaf ^' fcjievam if esmbsjiisi with at 

iasstsort of *e sa»e category 
A : tsxhiwtagicai bscfcsrausss! 
O : iWBJiwitfxn BBrfosare 



T : fhemy or iwteiple iiafieffying U» 
E ; earlier pawns rioa™™, tsra jmi> 
ate jtefliitig tes 



